The secretory pathway is normal in dithiothreitol-treated cells, but disulfide-bonded proteins are reduced and reversibly retained in the endoplasmic reticulum.
Addition of 2 mM dithiothreitol (DTT) to HepG2 human hepatoma cells blocks secretion of newly made albumin and causes it to accumulate in the endoplasmic reticulum in the reduced state. Subsequent incubation of the cells in the absence of DTT allows the reduced albumin to form apparently normal disulfide bonds and to be secreted normally. Similarly, DTT treatment causes all newly made subunits of the H1 subunit of the asialoglycoprotein receptor to be retained in the endoplasmic reticulum in the reduced state; following removal of DTT H1 subunits form disulfide bonds via a normal endoplasmic reticulum folding intermediate and mature to the Golgi. Thus, apparently normal formation of disulfide bonds on these two proteins can occur post-translationally, as has been shown previously for the influenza HA hemagglutinin (Braakman, I., Helenius, J., and Helenius, A. (1992) EMBO J. 11, 1717-1722; Braakman, I., Helenius, J., and Helenius, A. (1992) Nature 356, 260-262). alpha 1-Antitrypsin contains no disulfide bonds; in the continuous presence of DTT it acquires a normal complement of complex oligosaccharides and is secreted at an only slightly reduced rate. Thus, the secretory pathway functions efficiently even when it is reduced by DTT. Endoplasmic reticulum retention of albumin and H1 during treatment with DTT presumably occurs because, without disulfide bonds, these proteins cannot fold properly, not because of any defect in the overall processes of vesicular transport and protein secretion.